Background: It has been suggested that the consumption of a diet rich in phytoestrogens might protect against a variety of diseases common in Western societies. However, there are little available data on the food sources or distribution of intake in the UK diet. Objective: To estimate the average intake and range of soya foods and isoflavones in a population-based cohort and to provide data on isoflavone consumption by food group. Subjects: Men and women (11 843) from the Norfolk arm of the European Prospective Investigation into Cancer and Nutrition (EPIC). Methods: Dietary daidzein and genistein intakes were obtained from 7-day food diaries, completed by participants between 1993 and 1998 and calculated from an in-house food composition database. Energy and anthropometric measurements were also carried out. Results: Average daily isoflavone intakes for both men and women were less than 1 mg (interquartile range (IQR) men: 0.39-0.82 mg; women: 0.30-0.64 mg). However, in soya-consumers, average daily intakes were higher: 8.6 mg in women (IQR: 2.28-10.72 mg) and 7.5 mg in men (IQR: 2.22-9.17 mg). In both men and women, bread and bread rolls made the highest contribution to isoflavone intake -62.5 and 53.0%, respectively. In soya-consuming men and women, vegetable dishes and milks were the main contributors -25.0 and 38.5% in men and 38.5% and 26.0% in women, respectively. Conclusions: Isoflavone intake is low in the UK but may be an underestimate due to soya added to commercial products. Future analyses of the isoflavone and lignan content of basic ingredient foods and commercial items commonly consumed in the UK diet will enable more accurate estimates of phytoestrogen intake to be made. The ability to estimate isoflavone intake in Western populations more accurately will enable investigations to be conducted into the suggested beneficial effects of phytoestrogens on health.
Introduction
Epidemiological studies suggest that consumption of a phytoestrogen-rich diet, as seen in traditional Asian societies, is associated with a lower risk of many chronic diseases common in Western societies, such as breast and prostate cancer, osteoporosis and cardiovascular disease (Adlercreutz, 1990; Adlercreutz and Mazur, 1997) . In Asian countries, soya foods form an important component of the diet and estimates suggest that the average isoflavone intake in Japan ranges from 25 to 100 mg/day (Committee on Toxicity of Chemicals in Food, Consumer Products and the Environment, 2003) . There are little data available on soya and/or isoflavone intakes in UK populations although data from the 1998 UK Total Diet Study estimated average daily intakes of 3 mg of the combined isoflavone aglycones (daidzein, genistein and glycitein) . Mean isoflavone intake was estimated in a group of nine omnivores and a group of 10 vegetarians, from a weighed 7-day food diary; mean daily isoflavone intake in the omnivorous and vegetarian groups was 1.2 mg (standard error of the mean (s.e.m.) 0.43) and 7.4 mg (s.e.m. 3.05), respectively (Ritchie et al., 2006) . In another study, 80 premenopausal British women were assigned to one of four groups based on soya intake data from a food frequency questionnaire (ffq). Estimates of mean total daily isoflavone intakes were 0.2, 20.0, 17.1 and 48.9 mg based on the ffq, and 0.6, 5.9, 19.6 and 33.7 mg based on 7-day food diaries, for groups 1-4, respectively (Verkasalo et al., 2001) . Traditional soya foods rich in isoflavones, such as tofu, tempeh and miso, are seldom consumed in the UK, but instead soya dairy alternatives, such as milk, cheese and yogurts, and TVP/tofu burgers are more commonly eaten. However, a number of commercial products, such as bread, biscuits and breakfast cereals, contain soya ingredients as food additives and these also contribute to isoflavone intake (ENDS, 1996; Horn-Ross et al., 2000) . This paper investigates the intakes, distributions and sources of soya foods and isoflavones in approximately 12 000 middle-aged participants in a population-based cohort study (EPIC-Norfolk) , as recorded by a 7-day food diary, using a newly constructed isoflavone database.
Methods
The 7-day food diary comprised an A5, 45-page booklet in which the description, preparation and amounts of foods eaten at main meals, snacks and between meals over a week could be recorded (Bingham et al., 2001) . Each participant was instructed by a trained nurse on how to complete the diary. As part of this instruction, the nurse asked the participant to recall the previous day's intake and this description was written into the first day of the diary.
The diary data were entered using a new data-entry system -DINER (Data Into Nutrients for Epidemiological Research), which was specifically created for the EPIC cohort study of 25 000 men and women in Norfolk . To date, almost 12 000 diaries have been entered and phytoestrogen contents calculated. Diaries were completed by participants between 1993 and 1998. 'Soya consumers' were identified as those who had consumed any foods containing 'soya', 'tofu', 'TVP', 'tempeh', 'miso' in the food description. There were 116 food items which included burgers, sausages, pates, curry, chilli, stews/ casseroles, soups; soya milks and items made up using soya milk such as porridge, custard, milk pudding, blancmange, and sweet and savoury sauces, as well as soya dairy alternatives, including ice cream, cream, cheese, yogurts and desserts.
In the DINER system, similar foods are grouped together, and these food groups have been utilized to study food group sources of isoflavones. Soya-related foods are interspersed among a number of food groups. For example, soya, sheep's and goat's milks have been grouped together.
Development of the isoflavone database
In order to calculate the total isoflavone intake from 7-day food diaries, a database of all foods consumed was created, which consisted of approximately 2000 items; only values for the isoflavones, daidzein and genistein were in-filled. Of these foods, 36% were not thought to contain significant levels of isoflavones; these included fish, meat and eggs (excluding products and dishes), hot, cold and alcoholic beverages, milks, cream and cheese (excluding soya-based), butters, margarines and spreads, sugars and artificial sweeteners.
Isoflavone data for tea and coffee in this database have been set at zero (Mazur et al., 1998) . Mazur et al. concluded that isoflavonoids were not measurable in their black tea infusions and no data was given for the daidzein and genistein contents of coffee powder types commonly consumed in the UK. To date, bovine milk has not been analysed for isoflavones in the UK. Data are available for the daidzein and genistein contents of French and Australian milk samples (King et al., 1998; Antignac et al., 2003) but the amounts are low (0.01-3.0 mg/100 ml) and as the isoflavone content of the milk depends on a number of factors, including cow feed and season, using these data did not seem appropriate. The isoflavone content of goat and sheep milk is also considered to be zero in our database.
For 12% of foods, isoflavone data came from local analyses (Liggins et al., 2000a (Liggins et al., , b, 2002 . For 1% of foods, where local values were unavailable, data were obtained from the VENUS database , and in most cases, values taken from this database were averaged from a number of sources. Examples of foods where data was obtained from the Vegetal Estrogens in Nutrition and the Skeleton (VENUS) database include vegetarian burgers, soya milk and soya yogurts. For 5% of foods, where values could not be found, values from similar food items were assigned, using the local food analyses. Examples include using the values of egg noodles for plain noodles, old cooked potatoes for baked/jacket potatoes, canned butter beans as those of dried cooked butter beans, tinned pears in juice for those in syrup, dried vermicelli as dried white spaghetti, water biscuits as matzos, and frozen cooked vegetables as fresh for example broccoli, brussels sprouts, spinach. Values for 4% of food items were calculated using a conversion factor for water content, edible part, fat uptake etc., and were based on the local food analyses. Examples of foods where isoflavone values were calculated using a conversion factor include toasted breads, chips, roast potatoes and potato crisps, and fruits and nuts weighed with or without stones/shells. In all, 29% of the isoflavone content of the foods were calculated, using recipes mainly available in the fifth edition of the Composition of Foods and its supplements (Holland et al., 1988 (Holland et al., , 1989 (Holland et al., , 1991 (Holland et al., , 1992 (Holland et al., , 1993 Chan et al., 1994 Chan et al., , 1996 . The majority of calculations were for vegetable, meat and fish products and dishes, soups, buns and cakes. For 13% of foods, the isoflavone content was treated as 'missing', that is, thought to contain isoflavones, either in small or large amounts, but insufficient data were available; these consisted of commercial items which have not been analysed for isoflavone content and for which there was not enough information available in the ingredients list for calculation purposes.
Statistical analyses
The data were studied and analysed using SAS 8.2 (SAS Institute Inc., Cary, NC, USA) and STATA 8.2 (STATA Corp., TX, USA). SAS 8.2 was used in the summation of the data. STATA 8.2 was used to describe the distribution of the data and to perform t-tests and regression analyses on samples stratified by sex and soya consumption. Table 1 describes the anthropometric data and average daily isoflavone and energy intakes in 5602 men and 5870 women, who did not consume any soya foods. The intakes of daidzein, genistein and total isoflavones were significantly higher in men than women (Po0.0001); mean total isoflavone intake was 0.64 mg in men (IQR 0.38-0.79 mg) and 0.50 mg in women (IQR 0.30-0.62 mg). The mean daily isoflavone intake, after adjustment for energy and sex, was still significantly different between men (0.59 mg; s.e.m. ¼ 0.01; Po0.001) and women (0.55 mg; s.e.m. ¼ 0.01; Po0.001).
Results
Approximately 3% of both men and women were classified as soya consumers. Average daily isoflavone and energy intakes in these 169 men and 202 women and their anthropometric data are shown in Table 2 . In general, soya consumers tended to be younger than non-soya consumers (Po0.0001). Mean daily isoflavone intakes were higher in women than in men, 8.60 mg (IQR 2.28-10.72 mg) vs 7.50 mg (IQR 2.22-9.17 mg) respectively, but the differences were not significant. However, mean values for energy and anthropometric variables were higher in men than in women; these differences were significant for energy, weight and height (Po0.0001), and body mass index (BMI) (Po0.05). The energy-adjusted mean isoflavone intake in men was 7.07 mg (s.e.m. ¼ 0.87) and 8.96 mg (s.e.m. ¼ 0.79) in women. However, these differences in energy-adjusted mean isoflavone intake between men and women who consumed soya were not significant.
The intakes of daidzein, genistein and total isoflavones were slightly higher in all men than in all women; mean total daily isoflavone intake was 0.84 mg in men (IQR 0.39-0.82 mg) and 0.77 mg in women (IQR 0.30-0.64 mg) (data not shown). Only the difference in genistein intake was significant (Po0.05). The mean energy intake in all men was significantly greater than that in all women (Po0.0001) and the anthropometric data illustrates that men were, on average, older, heavier, taller and had a higher BMI than women (data not shown). The differences in age, weight and height were significantly different (Po0.0001). Table 3 illustrates total isoflavone intake, by 10-year age bands, for subjects who did not consume any soya foods and soya consumers only, by sex. There was a small significant linear decrease (Po0.0001) in intake for men and women who did not consume soya, with increasing age band. This linear decrease was also evident in men (P ¼ 0.138) and women (P ¼ 0.109) who consumed soya but it was not significant. The decrease in isoflavone intake per 10-year age band for men and women who did not consume soya was 0.05 and 0.03 mg, respectively. In men and women who did consume soya, the decrease in isoflavone intake per 10-year age band was 1.17 and 1.37 mg, respectively. When the data were adjusted for energy, similar mean values were obtained (Table 3 -footnote) . Once again, there was a small significant linear decrease (Po0.0001) in intake for men and women who did not consume soya, with increasing age band. This linear decrease was also evident in men (P ¼ 0.085) and women (P ¼ 0.342) who consumed soya but it was not significant. The decrease in isoflavone intake per 10-year age band in the energy-adjusted isoflavone data for men and women who did not consume soya was 0.03 and 0.02 mg, respectively. In men and women who did consume soya, the decrease in isoflavone intake per 10-year age band in the energy-adjusted isoflavone data was 1.42 and 0.84 mg, respectively.
Data on percentage food group sources of total isoflavones in men and women are shown in Table 4 , where food groups contribute 0.5% or more to the isoflavone intakes. In all men and women, bread and bread rolls made the highest contribution to isoflavone intake: 62.5 and 53.0%, respectively. When soya consumers are excluded, the contribution made by bread and bread rolls rises 80.5% in men and 81.0% in women. However, in men and women who consumed soya foods, foods contributing to isoflavone intake are very different with approximately 64% coming from vegetable dishes and milks.
Mean average daily intakes (in grams) of the food groups listed in Table 4 were calculated for all women, women who consumed soya foods and women who did not consume soya foods, and all men, men who consumed soya foods and men who did not consume soya foods (data not shown). Mean intakes of these food groups were compared between same sex soya and non-soya consumers using a two-sample t-test. Where intakes were significantly different at Po0.0001 and Po0.05 levels, these are noted in Table 4 .
Discussion
The aim of this study was to investigate the average intake and distribution of soya foods and isoflavones in approximately 12 000 subjects, as recorded by a 7-day food diary, using a newly constructed isoflavone database. This data set of isoflavone intakes is one of the largest to be investigated to date. The average daily intake of isoflavones was o1 mg in both men and women. Despite these low intakes, in a study of approximately 300 women from EPIC-Norfolk, aged 45-75 years, spot urine and serum concentrations of daidzein, genistein and total isoflavones correlated significantly with their dietary intakes (Po0.001), assessed from 7-day food diaries, using this database (Grace et al., 2004) .
These average daily intakes agree with a number of recent publications in Western populations. The mean daily isoflavone intake using data from the National Diet Survey (FINDIET 1997) in Finland, as determined by 24 h recall in 2862 men and women, was 0.79 mg (s.d. ¼ 0.67) (Valsta et al., 2003) . Mean daily isoflavone intake measured in four European countries, using either 7-day or 2-day records, ranged from 0.55 mg in Italy to 0.91 mg in The Netherlands and was 0.72 mg in the UK and 0.73 mg in Ireland (Van ErpBaart et al., 2003) . The UK data in the study came from the EPIC-Norfolk cohort, but was limited to 335 subjects with very few soya consumers. In the Dutch cohort of the EPIC study, geometric daily intake means of daidzein and genistein were 0.15 and 0.16 mg, respectively, as estimated by ffq in 17 357 women, aged 50-69 years . In the Framingham Offspring Study, the mean daily intake of total isoflavones was 0.78 mg (s.d. ¼ 4.41) with a median intake of 0.16 mg (IQR 0.10-0.24 mg) in 939 postmenopausal women . A study of 447 non-Asian women living in the San Francisco Bay Area estimated mean daily daidzein and genistein intakes of 1.3 mg and 1.5 mg, respectively, using a modified ffq and a newly constructed database (Horn-Ross et al., 2000) . In the US, the dietary intake of genistein has been estimated at 1-3 mg/day (Adlercreutz, 1990 ) but median daily intakes of Chinese and Japanese women living in the US have been estimated as 3.51 and 7.15 mg, respectively (Greendale et al., 2002) .
Isoflavone intake has been measured using a number of different tools -ffqs, 24 h recalls, 2-and 7-day food records. It is difficult to capture infrequent consumption of soya foods using a 7-day food diary, but soya is also found in many commercial foods, that are consumed on a daily basis. Soya foods can be more accurately entered and quantified using a 7-day food diary, in combination with the DINER system.
In this study, the soya consumers had higher isoflavone intakes -8.60 mg/day (IQR 2.28-10.72 mg) in women and 7.50 mg/day (IQR 2.22-9.17 mg) in men, similar to the intake of the vegetarian group (7.4 mg) in a recent UK study (Ritchie et al., 2006) . Exposure estimates of total isoflavones for consumers of soya and soya-containing foods in UK adults based on the National Diet and Nutrition Survey (1986) (1987) and the Dietary Survey of Vegetarians (1994 Vegetarians ( -1995 were 0.6 and 2.6 mg/person/day, respectively (Committee on Toxicity of Chemicals in Food, Consumer Products and the Environment, 2001). However, these values are still considerably lower than in Asian populations. Recent studies in Japanese adults have estimated daily isoflavone intakes to be in the range of 30-50 mg (Kimira et al., 1998; Arai et al., 2000; Kikuchi et al., 2001) .
This study contains detailed food group data, which is not readily available for the UK population. Food group sources of daidzein and genistein were analysed separately and found to be very similar to total isoflavone data and therefore these data have not been shown. In both men and women, bread and bread rolls made the highest contribution to isoflavone intake -62.5 and 53.0%, respectively. Data from Italy and Ireland have estimated that over 90% of total isoflavone intake comes from bread (Van Erp-Baart et al., 2003) . UK data on isoflavone content of bread (Liggins et al., 2002) is available but there are as yet no detailed data on milk, dairy products, meat and fish products, which have been shown to contain isoflavones (King et al., 1998; Antignac et al., 2003; . While the database created for this investigation does contain values for some meat products, it was felt that there was insufficient information available to estimate isoflavone content of fish products. Some of the commercial foods without isoflavone values may contain considerable amounts but information obtained from manufacturers in 2002 on ingredients was inconsistent (personal correspondence -Co-op, Marks & Spencer, Jacob's, Bernard Mathews). Therefore, actual intake is still likely to be an underestimate as it has been estimated that 60% of processed foods contain soya (ENDS, 1996) . Also a recent report found isoflavones in beers, fish and fish products, Indian foods and meals and a number of herbs, spices and food colours . Significant quantities of genistein were found in Indian meals and spices with values of 11 mg in a 200 g serving of vindaloo curry and 5 mg in a 10 g portion of a spice mix containing coriander, tamarind, cumin, olive and cardamom. However, as some of these foods were unexpected sources of isoflavones, more analyses are required before values can be included in composition databases. In this population, only small amounts of these spices would have been consumed.
Recipes from McCance and Widdowson's The Composition of Foods, fifth edition and the food supplements were used in calculating isoflavone contents of some food products and dishes. However, some of these foods were analysed in the 1980s, for example, croissants, naan bread, jam tarts, scones, apple pies, where soya was not listed as an ingredient. In our DINER system , commercial items are mapped to these homemade items in the absence of reliable analyses. It is quite likely that a number of the aforementioned foods, which were produced commercially during the period 1993-1998 contain soya in some form but as accurate and reliable data could not be found, no estimates have been made for possible soya content.
In soya consumers, the percentage of isoflavone intake from bread and bread rolls was considerably lower at 7.5 and 10.0% in men and women, respectively, despite similar quantities of bread consumption. In soya-consuming men and women, vegetable dishes and milks were the main contributors -25.0 and 38.5% in men and 38.5 and 26.0% in women, respectively. Soya product consumption, as measured by a 24 h dietary recall interview, in 10 European countries participating in the EPIC study (N ¼ 35 955), found that consumption of soya foods is low in Western European countries. Of the seven sub-groups of soya products, soya dairy products were consumed in the highest quantities: 1200 mg/day for men and 1900 mg/day for women (KeinanBoker et al., 2002) . However, in a recent study of Hong Kong Chinese adults, 80% of soya protein or isoflavones were obtained from different forms of tofu with 9% contribution from soya milk (Ho et al., 2000) . There is a surprisingly low contribution from beans and lentils to the total isoflavone intake in soya-consuming men and women (o0.5%). Bean and lentil containing products and dishes are grouped with the vegetable dishes, which have made a greater contribution to isoflavone intake in soya consumers than nonconsumers (Table 4) and are also consumed in greater amounts (data not shown).
This study has shown that isoflavone intakes are low in the UK with average daily values o1 mg in both men and women range (IQR men: 0.39-0.82 mg; women: 0.30-0.64 mg). There is considerable variation in isoflavone intake, with consumption values in some individuals reaching those of Asian populations. It provides new data on average daily isoflavone consumption in soya consumers -8.60 mg/day (IQR 2.28-10.72 mg) in women and 7.50 mg/ day (IQR 2.22-9.17 mg) in men. However, in a recent study of EPIC-Norfolk women, serum isoflavone levels were still several hundred times higher than plasma postmenopausal estradiol levels despite low-dietary isoflavone intakes. (Low et al., 2005) .
The ability to more accurately estimate soya intake in Western populations will enable investigations into the suggested beneficial effects of soya on health to be carried out. Future analyses of the isoflavone and lignan content of basic ingredient foods and commercial items commonly consumed in the UK diet will enable more accurate estimates of phytoestrogen intake to be made.
